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4.l7(ii))x^ fi^ n m a ^ wflf wifis a 

— ^T*i»AftBI^*i«0*fe*fltJf«S^^5f9(IIllH 
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ft(*fflW4.i7(iii))?t(*IIB«^W^W«SB 

— ^T*fllAftBI*«i»BWft5*tt«ife*«Wffi3fe 
&(ISlJIi|4.17(iii))^Tf!llt£B: HB 
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(54) Title: NEW METHIONINE AMINOPEPTIDASE INHIBITOR 
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(57) Abstract: The invention provides a new methionine aminopeptidase inhibitors with the following formula (I): wherein Ri, 
R2, R3, Ri, Rs, R«, and X have the meanings given in the description. Pharmacological experiment shows that they display good 
inhibition activity for methionine aminopetptidase. 
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R4 

s c,-c4 mi^m. mm. mm^ mm> mm> m urn. mmmix^m. mix 

mm. mm. mm. i^mm. mm. mn.m. mmmmti^m. ^i^nmm: 
Rt^H. ci-CA^^m. Mixi^m. i^m. ^ci-c,^-)^mmm. mm. mm. ^M.m. 
mm. St ^m. ^m^^ix^m-, 

Ri^f^H. c-c^^m. mxc-c,-)^m. ^m-. ^m. mix^m-, 
R,^H. Crc^mm. mixmm. Mix^m-. 
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*:SBJ#25:-^^h:a-^Wm^t^«¥5fLiCMtt^ (MetAPs) E:^sTmm%m 

mT-m^ MetAPs MmmMta-M^mn^, mm^f^^fo-mmmi^^m^immm 
uskm (MetAPs) ^7&n^m^m^m^m^^mmiim^mn.m. w^m^m^jsam 

W.^^^iE^M^m^W^^mt )ii^&mmm)Si^mma. Biol. Chem. I99O: 265: 

19892-19897). \^mm^xmn^w^,uwm.&simm\^^ I MM: js^xiom^'^^ 

l^i^it^^f^m^-^niMMn.flkmQ.Riol.Chem. 1992:267:20667-20673). i^a'iJtblSf 

n c m^:kmnmwiumu^mmmmi&^it r mmi^-^ (c mmmxj-m^ eo 
w II m^j^n.wtmm. 

(Biochemistry. 1987;26:8242-8246). KW^SSlJc^M/Si^ N ^^^Si^^WB-^^ 

mm (p,' ) mf-Am^m^\^=i'z.68Ktm^wj^nMUSkmmm. Pi^m^m. 

SKJi!iAT'b^Sam4'ff-ffiBg^^¥SSm@t»g|f^ffl: Gly, Ala, Ser. Thr. Pro> 
Val ^PCys ( J. Bacteriol. 1987; 169: 751-757; Biochemistry. 1999:38:14810-14819). 



! 
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tfp^ ^mm^^m^U^ geM^i^jSKJ.BioLChem. 1982; 257: 3532-3536) 

Bestatin IJI-flJlt/MW^HM (Biochemistry. 1999:38:14810-14819) . 

MMM (fumagillin) Ifl'SWtS^litl TNP-470 (ICsoj^^^^gJ). 5if5t^ 
m, AM^ hMetAP II ^mmPi fumagillin TNP-470 ^f^m^J^., ^mit^Mit^^ilt 
i^K% hMetAP II m\k,KW^%mmnm His, >^Mii?iJJtp$!|T^gfiSIWStt 
(Proc. Natl. Acad. Sci. USA. 1998 :95 : 15183-15188) . 

im^mwim^'f' MetAPs fi^i/stiiittt. ^j^mMmm^^^^mm Bestatin 

^^«^eftit6tliSi^»tl»J?fiJ. Bestatin 6<J P,^ P.''(il[.«#:tW^^E^fPMS^, 
^^^-^^tg|S7KM-6t]/R'tl|!l1Wi^, 'SWffll^iJS'tt IC50 SpM, eMetAP 




o 



fumagillin 

MetAPs ^ji^m^-^nrnm 



TNP-470 




AHHpA Ala 
Pi Pi* 

cMetAP mmatnmm 



R=Leu-VaI-Phe-Ome 



2 
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(angiogenesis) .M^'^Mmmsk'^m^Um'^^mM.H, X^iiilW 

mnmmnmm^^. ^mvietkp,^mm^^^ii.m^mmmm. mm 
mj&^^m] MetAP. ^it^m-^^m-mm^mmmmm, 

mm 

^^m^^]^mnm\m%. ^mm MetAPs tEmmm<¥Tm^mmmHmm 




c,-c4 w^^s^ ^s. fl&'S^ @i mmmmtj^m^ mt 




3 
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ij^a. mm. mm. -^m-m. $(^-^p«:i!$S: 
Rz^^jH. c,-c4^s. mx^m. *c,-c4a<ji^a> mm^ mm> mm^ -^m 

R4^H^ CrC^mm. ^f^^Ss mf^5?ii: 




I II III 

^iaymM'^M^m'^S.& cnich. DMT. CH2CICH2CK Wt^. 7^. 7K. -^TNi^^aE 

^m^fsimm^mm. mia-. ch2c12/dmf(i: iva^). m^^m^mu^it^^^ 

m^^DCC. ECD. Die. HBTU^. «SCii^||BtipAdl>*m?f«J. ^J$P HOBT, £ 

DMAP. mt^mum)A-20'>c-^u. im^mmy. mmiiA -mhK 5o°-i3o«c, 

mmmm^-^, mtm tlc ^m^^m^^m^. s.^^^is-m^mm7Lmm- 
uvmmmmL, 5%hck tk. M-ta7m. ^tbie, %uwimm 
^mm. mmm^^mmm^!^^ m. i^mm^^^ i *p 11 ii^i^mw^it. )a 20%— 
95%. mmrmNMRmj^^^vE^ 

it-^m II «T1Slg J.Org.Chem. 63,196-200(1998)^:5^?*-^^. 



4 
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ICsoCjiM) 
EMetAP 


hMetAPl 


u 




MA 




7 




30% 

inhibition 
at20(ig/ml 




16 




4.84 




17 


OyV> 

0 

Br 


0. u 




18 




NA 




22 




NA 




23 




NA 




24 


0 

COjEl 


NA 




25 


AcO 


NA 




27 


0 


51.0 




30 


OMe 

(\ " 


9.22 


- 


31 




2.33 




32 




5.82 




34 


0 


8.20 


29.0 


35 




4.49 


20.9 


36 


yO 

o s-y 


1.10 


28.7 




0 9°»» 






37 




1.90 


15.4 
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41 




1.91 


7.3 


44 




1.80 




45 


Br 

0 s-^ 


1.35 


17.4 










46 




1.31 


7.0 










47 




5.31 


7.8 


50 




5.56 


11.0 


51 


0 s-^ 


0.14 




52 


H 

I U 


1.25 




53 


(TY " 

N iT Y/) 


0.05 




54 


.✓N^ ron 


NA 




55 




0.4 
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56 feiri^^Y^ 


NA 




NA 


0 V 


NA 


0 s-» 


NA 



NA: no inhibition at 20 jig/mL, "0 test 



m:km^m%m^^^:kmmit eMetAP g a , ^t&^P (NH4) 2S04 ^JiiSZi Q-Sepharose 

eMetAP RlWTKM'^^iStlMet-S-C-Phe Met-SH M^aMW DTNB 

^/S. J^^W 3-^S-4-5gSgit^-^^M^E 412 nin^WM(M12= 13600 M-l.cm-l). 
iiil SpectraMAX 340lt«'J 412 nra ^bfi^jW^tM^^^-fcJl^^^StyStt. 

7i^ffl#Mf$3^:^?* (Anal Biochem. 2000, 280:159-65) 

Ui&i^^ 2 ng/mL. 20 ^ig/mL fP 100 ^g/mL H'^'HS'^^^^;^;ga1t=&J^^^j^fe. SW^iJ 
Stti^^ 50%fft , ^ 8 ^^ifeM^i^Si^^^tl ICbo, 

WtUWiM eMetAP 6«J«]$iJ«14^SfrS0W. 

'H-NMR ffl Varian MercuryAMX300 MiXM^; MS ffi VG ZAB-HS IK VG-7070 Sft 
3^yS. l^aej^hi^Jt) EI in (70ev) ;^W^JlFiJS{^fflBui^^)lfiMtS. ^^fflMjE^K^ 
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M(200-300 mesh)6<]ttfeii>4: ^OTfi<3^i^. -S^S 200-300 @^ GFzM^^jWJ^V^^itX 
1. 'ffc'^tl6fi<J$!l# 



^I^^PF^^^^StECSimnoD^^-H^jS^C 15ml ),iPA2.iCSlSl!*(500mg,5mmol). 
( 0.75ml , 5mmol), ^UTS.^ihM^^-M.W-l^m^lKo J|^^WS«I^^S 

i^i^6 503mg, 40.4%. 

'H NMR (DMSO,300MHz): 

6(ppm) 8.18(d, J =8.1H2 ,1H), 7.91-7.86 (m, IH), 7.82-7.77(m, 2H), 7.55 (d, J = 
3.6Hz .IH). 7.34 (d, 3.6 Hz, IH) 
2. tt^i^ 18 



15 (195mg,1.26mmol) ,2-iJSRl:tlJg (156mg,1.26mmol) ,DCC (270mg,1.30mmol). 
DMAP (llmg,cat) mU^m'^UaA-M.^i^ (5ml) MHU^. ^jSTJI^ 8 /hfft. ffi 

m 247mg ^^mWl^^ 18, 75.7%. 
'HNMR(CDCl3,300MHz): 

6(ppm)11.08(s.,lH), 8.62 (d, J = 5.2Hz, IH), 8.27 (d, J = 7.8Hz, IH), 7.92(dt, J= 
7.8,7.8,1.5 Hz, IH), 7.51 (dd. 7.8,5.2 Hz, IH), 2.72 (d, J= 13.5 Hz, 4H), 1.88(s,4H); 
"C NMR (CDCI3, 300MHz): 8 (ppm) 

161.76(1C).154.61(1C).148.76(1CH),148.18(1C),I45.17(1C),137.90(1CH),127.33(1CH), 
123.59(1C). 122.91(1CH), 26.65(1CH2), 23.56(1CH2),23.23(2CH2); 

3. it^m 19 mm-. 





8 



wo 03/082838 



PCT/CN03/00213 



a 



COOH 




19a 



19 



)|§ 19a (28mg,0.197mmol) .a-MSmtlS (25mg,0.197mmol) ,DCC (43mg,0.20inmol). 

DMAP (cat) m^^^i}aA-m.w^ (1ml) MHUV' Murmws^m. mz^mz. 

14mg 19. J^m 75.7%. 

'H NMR (CDCl3,300MHz): 

6 (ppm)11.02(s.,lH), 8.61 (dd, J= 4.8,1.5Hz, IH), 8.27 (d, J = 7.5Hz, IH), 7.91(dt, J= 
7.5,7.5,1.5 Hz, IH), 7.50 (ddd, 7= 7.5.4.8,1.5 Hz, IH), 2.62 (q, J= 7.5,7.5,7.5 Hz, 2H), 
2.34(s,3H), 1.22 (t, J= 7.5.7.5 Hz, 3H),; 
4. it-^^limi^x 



^ 22a ( 23mg,0.131nmiol ) ,2 - ^ S Pit ( 17mg,0.131mniol,leq ) ,DCC 
(29mg,0.14mmol). DMAP (cat) M^^'PtuA-M.W-)^ (2ml) M^^^' ^UTU 

=5: 1, W/W)nm 21mg 22. 
'H NMR (CDCl3,300MHz): 

6 (ppm)11.25(s.,lH), 8.66 (d, J= 4.5Hz, IH), 8.30 (d, 7 = 7.8Hz, IH), 7.92(dd, J= 7.8,7.8 
Hz, IH), 7.89 (d, 7= 7.8 Hz, 2H), 7.53 (dd, 7= 7.8,4.5 Hz, IH), 7.43 (t, ^ 7.8.7.8 Hz, 2H), 7.33 
(t, > 7.8.7.8 Hz. 1H),7.22 (s,lH); 

'^C NMR (CDCI3, 300MHz): 6 (ppm) 

162.34(1C),157.45(1C),150.73(IC),148.86(1CH),147.98(1C),138.02(1CH), 
1 34.63( 1 C), 1 28.98(2CH), 1 28.27(1 CH). 1 27.59( 1 CH), 1 26.34(2CH), 
123.08(1CH),108.21(1CH); 

5. it^^36m\^ _ 



^ 33(20mg,0.09mmol)^^-iL^i^ ( 4ml ), iPAH^JKc ( 0.1ml). -78'CTaA 




22a 



22 




36 
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36. 

'H NMR (CDCl3,300MH2): 

6 (ppm) 11.33(br.,lH), 8.60(d, 7 =4.5Hz ,1H), 8.29 (d, J= 7.5H2, 2H), 7.75.7.63(m,3H), 
7.56 (t, y = 4.5,4.5Hz ,2H), 7.50(d. J= 3.0Hz, IH), 7.05 (d, 7 =3.0H2,1H). 
''CNMR(CDCl3.300MHz): 6 (ppm) . 

165.13(1C), 160.29(1C), 157.82(1C), 148.59(1C), 146.03(1CH), 139.88(1C), 
137.87(1CH), 134.12(1CH), 133.90(1CH), 130.85(2CH), 129.13(1C), 128.88(2CH), 
128.74(1CH), 113.83(1CH); 

EIMS (ra/z): 325(ivr, 7%) , 226(8), 197(6), 127 (16), 105(69) 
97 (53) , 91 (69) , 85 (63) , 71 (100) . 69(88); 
7. it^^44$^^m 



O OMe 




44 

33(98mg,0.45nimol) 4'iPAi:E¥^(8ml),f|JPAHZLJB((0.1ml,68mg,0.67mmol), 

^.^MTz:iL¥'>^wmm^s-78-cTipA. muT&m ihMfsm^m-^u. mms. 

Z.BI=3 : 1, VA^)^|5lJ 48mg ^^mWi^^. thit^m 44: 
'H NMR (CDCl3,300MHz): 

6 (ppm) 8.55(dd, y =4.2, 1.5Hz ,1H), 8.25 (d, J= 16Hz, IH), 7.69-7.59(m, 3H), 7.51 (d, J 
= 3.6Hz ,1H), 7.40(dt, J= 8.0,1.5 Hz, IH), 7.03-6.94 (q, J =8.0,18Hz, 2H),6.99 (d, J= 3.6 Hz, 
1H),6.89 (d,y=3.6 Hz, IH); 

'^C NMR (CDCb, 300MHz): 6 (ppm) 

165.67(1C), 160.45(1C), 158.89(1C), 157.80(1C), 148.49(1C), 145.75(1CH), 
143.47(1CH), 139.98(1C), 138.09(1CH), 133.86(1CH), 132.35(1CH). 129.76(1CH), 

128.62(1CH), 123.16(1C), 120.91(1CH), 116.93(1CH), 113.75(1CH), 111.38(1CH), 

55.67(1 CH3); 

EIMS (m/z): 381(M*, 7%) , 353 (8), 324(16), 225 (52), 221(26) 
161 (90) , 127 (28) , 123 (47) , 95 (49), 71 (60), 69 (100). 
8. 'Hs-^^47W$y# 
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,0^ 



47 



^^T«i[4'iPA-iC¥^(2ml).S*nA 2-itS«(11.4mg,0.114nunol),Mn 
U^. iPAHZijggc(19ul.0.114iiimol). MJSfM. tt^. in A "it (10ml) 

(3X3ml) ,ia^n-t&7Ki5t(3inl).^ii (^TKMgSCM). ii^i. mmmm. ^^-iC?^, 
^ttfei^^tt.(5?ftSi : Z,m2-i§=l : 1. V/V)ff JeiJ 6mg ^fe@#f=i^. ^*jtt.^tl 47: 

'H NMR (CDCl3,300MHz): 

6 (ppm)8.25 (dd. y = 2.7. 2.7 Hz, IH), 7.52-7.50 (m, 3H), 7.42-7.32(m, 5H), 7.02(d, J= 
3.6 Hz, IH); 

'^C NMR (CDCI3, 300MHz): 6 (ppm) 

161.30(1C). 158.38(1C), 156.33(1C), 140.73(1CH), 137.80(1CH), 136.47(1C), 
135.85(1C), 129.06(2CH), 128.54(1CH), 128.42(1CH), 127.12(1CH), 127.06(1CH), 
123.50(1CH), 113.64(1CH), 71.14(''CH2); 

EIMS (m/z): 311(M*. 6%) , 220 (7). 197(8), 189 (43), 123 (19) , 111 (29) , 97 (44) , 
91(100). 85 (55), 71(83), 69 (78). 
9. it^i&5im\4^ 



51a ( 40rag, 0. leSmraol ) ^t" Jn A DCC ( 41rag, 0. IQSmmol ) . DMAP 
( lOmg. 0. OSSmmol, 0. 5eq). 4A ^^Jijf (lOOmg), M.^^^f, ftAfi^¥^( 1ml), 

^UmW 20min. MA 2 U^m^ (17mg. 0. 165mmol), lOVymW 1. 5 /hB^. ilili, 
Mg!±tt, ^^^^niti^f^m : Z.®Z,ig=3: l,VA^)#iiJfife@<ilJi^i^4mg, 
'H NMR (CDCI3, 300MHz): 

6 (ppm) 9.40 (dd, J = 8.4,1.5Hz,lH), 8.36(dd, J = 4.5 Hz, IH), 8.12-8.09 (m. 2H), 
7.62-7.55 (m, 5H), 7.09 (d, J= 3.6 Hz, IH); 

EIMS (m/z): 324 (M*. 7), 239(6), 225 (19), 197 (11), 125 (25), 121 (11) 111(39), 97 (60), 
85 (65), 71 (100), 69(96). 




51a 



51 



II 
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10. it^^szmi^ 




H 0 



53a 



53 



# 53a ( 75mg,0.288mmol ) t *P A DCC ( 77mg,0.375mmol.l.3eq ) > DMAP 
(18mg,0.144mmol,0.5eq),S'Pb6<J 4A^J-^i>iiS(100mg), ^HUf'T. ^AMMW^drnD, 
20min,to A (29mg,0.288mmol), 70•CT^i#3W^B^. it^, 

'H NMR (CDCl3,300MHz): 

6 (ppm)12.49 (s, IH), 11.38(br.,lH), 9.36 (dcl,y= 8.4,0.9Hz, IH), 8.36(dd, J= 4.5,0.9 Hz, 
IH), 8.14-8.10 (m, 2H), 7.61-7.57 (m, 2H), 7.28-7.22 (m, 2H),7.10 (d,J= 3.6 Hz, IH); 
'H, 'H -cosy NMR(CDC13,300MHz): 

CH-CH-CH , CH(2H)-CH(2H) , CH-CH; 
'^C NMR (CDCb, 300MH2): 6 (ppm) 

167.27(1C), 165.53(1C), 165.12(1C), 163.91(1C), 157.06(1C), 142.79(1CH), 
139.47(1C), 138.62(ICH). 131.52(1C), 130.33(1CH), 130.21 (1CH),129.1 7(1 CH), 
129.04(1CH), 116.45(1CH), 116.16(1CH),114.46(1CH); 

lU it^^ 55-59 tfyU^ 

it^f^ 55-59 mi^mTm^^m-. 



^ I ( Immol). 2-^^11^(1 20mg, 1.2mmol), HOBT(162mg, 1 .2mmol) ,EDC(230mg, 
1.2mmol), {>m4k^=?mm^^'P&A lOmLfi^DMF. rt Jg^^jStM. ^ZmZ. 

mmmM^,7KmE.}^mi dmf. wk^iKm. wtn^a^^ic Mgso4 Tm> m^m^^ 



it^^ 55: 'H NMR (CDCI3,300MHz): 6 (ppm): 11.08(br, IH). 8.12(s, IH), 7.53(d, 
J=3.6Hz, IH), 7.00(d, J=3.6Hz, IH), 2.70(s, 3H);13C NMR (CDC13, 300MHz): 6 (ppm) 
166.87(1C), 158.54(1C), 158.04(1C), 147.70(1C), 138.30(1CH), 125.59(1CH), 113.79 (ICH), 





55 
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19.25(1 CH3); 




BocHN 



ifc-^tl 56: 'H NMR (CDC13.300MHZ): 5 (ppm): 10.64(br, IH), 8.20(s, IH). 7.49(d, 
J=3.6Hz, IH), 7.02(d, J=3.6Hz, IH), 5.30(d. J=8.7Hz, IH), 4.89(m, IH), 2.32(m. IH). 0.97(d, 
J=6.9Hz, IH), 0.9 l(d, J=6.9Hz, IH); 

'^C NMR (CDC13, 300MHz): 6 (ppm) 173.84(1C), 158.31(1C), 157.78(1C), 155.55(1C), 
147.97(1C), 138.10(1CH), 125.36(1CH), 114.14(1CH), 80.52(1C), 58.10(1CH), 33.39(1CH), 
28.44(3CH3), 19.41(1CH3), 17.59(1CH3); 



'ft-^^ 57: 'H NMR (CDC13,300MHz) 6 (ppm): 8.66(br, 2H), 7.63(d, J=3.9Hz, IH), 7.21(d, 
J=3.9Hz, lH),4.86(m, lH),2.50(m, IH), l,ll(d, J=6.9Hz, IH), 0,98(d, J=6.9Hz, IH); 



it-^^ 58: 'HNMR (CDC13,300MHz) 6 (ppm): 8.22(s. IH), 7.5l(d, J=3.6Hz, IH), 7.05(d, 
J=3.6Hz, IH), 6.60(d, J=8.7Hz, IH), 5.38(m, IH), 5.24(dd, J=8.7,5.7Hz, IH), 3.06(d, J=7.8Hz, 
2H). 2.38(m, IH), 1.82(s, 3H), 1.69(s, 3H), 0.88(d, J=6.9Hz, 3H). 0.86(d, J=6.9Hz. 3H); 



59 

-tb-^i^ 59: 'H NMR (CDC13,300MHz) 6 (ppm): 8.22(s, IH), 7.50(d, J=3.6Hz, 1 H), 7.05(d, 
J=3.6Hz, IH), 6.77(d, J=8.7Hz, IH), 6.00(m, IH), 5.26(m, 3H), 3.12(d, J=6.9Hz, 2H), 2.33(m, 
IH), 0.97(d, J=6.6Hz, 3H), 0.96(d, J=6.6Hz, 3H) 
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